Individualized strategies for managing renal anaemia with erythropoiesis-stimulating agents (ESAs) need to be advanced. Recent outcomes from clinical studies prompted a narrowing of the guideline-recommended haemoglobin target (11-12 g/dL) due to increased mortality and morbidity when targeting higher haemoglobin concentrations. Maintaining a narrow target is a clinical challenge, as haemoglobin concentration tends to fluctuate. The goal of individualized treatment is to achieve the haemoglobin target at the lowest ESA dose while avoiding significant fluctuations in haemoglobin concentrations and persistently low or high concentrations. This may require changes to the ESA dose and dosing frequency over the course of treatment.
Introduction
Anaemia in patients with chronic kidney disease (CKD) is a complex condition that is associated with morbidity and mortality and a decline in quality of life (QOL) [1] [2] [3] [4] . Erythropoiesis-stimulating agents (ESAs) have been shown to effectively improve and maintain haemoglobin (Hb) levels and reduce the need for red-cell transfusions [5, 6] and have become a standard of care for managing renal anaemia [7] [8] [9] [10] [11] . Since the introduction of the first ESA in 1989, advances in treatment have focused on the needs of patients and healthcare providers, including the development of longer-acting ESAs and various dosing strategies. Guidelines for renal anaemia were introduced to provide a framework for treating patients appropriately, recommending the range in which Hb concentrations should be maintained with some discussion of individualized treatment [7] [8] [9] [10] [11] [12] [13] .
As our knowledge of managing renal anaemia with ESAs has grown, new clinical challenges have emerged. Early observational studies in dialysis and non-dialysis CKD populations described associations between low Hb levels and increased risk of mortality and morbidity [2, 14, 15] . Furthermore, observational and some prospective studies reported that higher or normalized Hb levels in CKD patients were not associated with increased risk of adverse outcomes [2, [16] [17] [18] and might improve mortality and morbidity outcomes, particularly cardiovascular outcomes, and QOL [14, [18] [19] [20] [21] [22] [23] . These and other findings led to a series of randomized controlled trials in dialysis patients and then in non-dialysis patients to assess the efficacy and safety of targeting high Hb levels with ESAs. While it was hypothesized that high Hb would provide morbidity and mortality benefits, results from these trials consistently showed that intervention with ESAs to a high Hb target provided no clinical benefit compared with the control treatment [24] [25] [26] [27] and, in some situations, increased morbidity and mortality risk [27] [28] [29] [30] .
The publication of data from the trials investigating high Hb targets in non-dialysis patients in 2006 [27, 28, 31] led to important changes to renal anaemia guidelines [10, 12, 13] . The 2004 European Best Practice Guidelines (EBPGs) for renal anaemia recommended a Hb target of >11 g/dL for most patients, with an exact target defined by the individual patient's gender, age, ethnicity, activity, comorbid conditions and disease state [7] . The upper Hb limit was generally to be maintained below 14 g/dL, particularly for haemodialysis patients, and below 12 g/dL for CKD patients with severe cardiovascular disease or diabetes. In 2009 and 2010, the European Renal Best Practice Working Group (formerly EBPG) recommended that all CKD patients should be treated to a target Hb between 11 and 12 g/dL, with the exception of patients with type-2 diabetes mellitus (T2DM) and a history of stroke (recommended target of 10-12 g/dL) [12, 13] . The Working Group recognized that Hb levels for individual patients would probably fall outside this narrow target over the course of treatment but recommended that levels above 13 g/dL should not intentionally be exceeded, and levels above 12 g/dL should not be targeted in patients with T2DM. Similar changes had been made to the Kidney Disease Outcomes Quality Initiative Guidelines in 2007 [10] .
Treatment goals for patients with renal anaemia will continue to be refined as our knowledge broadens. However, the discordance between observational and clinical trial data and the significant changes to guidelines are challenging for clinicians [32] [33] [34] [35] and patients [36] , particularly in view of the recommendation to treat all CKD patients to a narrow Hb target. The CKD population is diverse. Patients differ by disease severity, age, medical history, healthcare behaviours and other factors [2, 37, 38] . There is significant interpatient variability in the response to ESAs [39, 40] , as the complex interactions among physiological, environmental and medical factors that affect erythropoiesis vary among patients [40] [41] [42] [43] . The individual patient's Hb levels may fluctuate (i.e. intrapatient variability).
In view of these new challenges, there is a need to reassess individualized treatment for renal anaemia. The subsequent sections will review clinical data regarding high Hb targets, ESA dose and Hb variability, followed by a discussion of individualized anaemia therapy. Table 1 summarizes data from four randomized controlled trials that assigned CKD patients to intervention with an ESA to achieve a high versus low Hb target-the Normal Hematocrit Cardiac Trial (NHCT) [30] , the Correction of [29] . The NHCT study randomized haemodialysis patients with congestive heart failure (CHF) or ischaemic heart disease who had been receiving epoetin alfa to continue treatment to achieve a haematocrit (HCT) target of 42% (normalized HCT) versus 30% [30] . By 6 months, the mean HCT had increased to the target range in the normal HCT group, corresponding to a 3-fold increase in the epoetin alfa dose. The study was halted early because of a trend towards increased risk of the composite endpoint of death or first non-fatal myocardial infarction (MI) associated with the normal HCT target [hazard ratio (HR) = 1.3; 95% confidence interval (95% CI) 0.9-1.9]. There was no difference between treatment arms with regard to secondary endpoints with the exception of transfusion rate, which was significantly lower in the normal HCT compared with the low HCT group (21 vs 31%; P < 0.001). Thrombosis of the vascular access occurred more frequently in the normal HCT arm (39 vs 29%; P = 0.001).
Haemoglobin targets
In the CREATE study, non-dialysis patients without advanced cardiovascular disease were randomized to achieve a Hb target of 13-15 g/dL with epoetin beta versus a target of 10.5-11.5 g/dL with epoetin beta if Hb levels fell below 10.5 g/dL. There was no significant difference in the risk of mortality or cardiovascular morbidity associated with the high Hb target compared with the low Hb target, but there was a significant increase in the number of patients progressing to dialysis in the high Hb target group (127 vs 111 pts; P = 0.03) [27] . The median weekly epoetin beta dose was 5000 and 2000 IU in the high and low Hb target groups, respectively.
The CHOIR study randomized non-dialysis patients to achieve a target Hb of 13.5 vs 11.3 g/dL with epoetin alfa therapy. The high Hb target of 13.5 g/dL compared with the low target of 11.3 g/dL was associated with greater risk of the composite outcome of death, MI, CHF hospitalization or stroke (HR = 1.34; 95% CI 1.03-1.74) [28] . The high Hb target was also associated with increased risk of hospitalization (HR = 1.18; 95% CI 1.02-1.37) and cardiovascular hospitalization (HR = 1.23; 95% CI 1.01-1.48). The mean weekly epoetin alfa dose was 11 215 and 6276 IU, respectively.
More recently, the TREAT study randomized nondialysis patients with T2DM and Hb ≤11 g/dL to a Hb target of 13 g/dL with darbepoetin alfa versus placebo with rescue darbepoetin alfa if Hb fell below 9 g/dL [29] . Patients who had had a cardiovascular event within 12 weeks of enrollment were not eligible. In the placebo arm, 46% of patients required at least one dose of darbepoetin alfa. The median monthly dose was 0 μg (interquartile range 0-5 μg) in the placebo arm and 176 μg (interquartile range 104-305 μg) in the intervention arm. There was no significant difference between groups for the co-primary composite endpoints of death, non-fatal MI, CHF, stroke or hospitalization for myocardial ischaemia or of renal disease or death. There was an almost 2-fold increase in the risk of stroke in the intervention arm versus the placebo arm (HR = 1.92; 95% CI 1.38-2.68). Transfusions were administered to 14.8 vs 24.5% of patients (P < 0.001) in the intervention and placebo arms, respectively.
Despite differences in patient populations, ESA treatment and Hb targets, there was no clinical benefit to targeting high versus low Hb levels across these studies, and the high Hb target was associated with increased risk for some adverse outcomes in each. The TREAT results have prompted some to reconsider the use of ESAs as standard treatment in diabetes patients with low but adequate Hb levels [31] . In addition, the use of large ESA doses to achieve the high Hb target in these studies has prompted further investigation of ESA dose as a marker of risk.
ESA dose
Observational studies have reported associations between ESA dose and risk of morbidity and mortality [44] [45] [46] [47] [48] [49] . A 2004 study of the United States Renal Data System reported a non-linear relationship between epoetin dose and mortality independent of HCT in a large cohort of haemodialysis patients [46] . More recently, a large observational study of incident haemodialysis patients indicated that increased mortality risk was not independently linked to high ESA doses but appeared to be the combination of high ESA dosing and high HCT [45] . In this study of US dialysis centres, patients were grouped into HCT ranges, and mortality risk was assessed by HCT group and then by ESA dose quintile for each HCT group. Monthly mortality rates were highest in patients with HCT <30% and lowest in patients with HCT ≥36% (mortality, 2.1 and 0.7%, respectively). In the HCT <30% group, more intensive use of ESAs and iron was associated with a decreased risk of mortality. Conversely, in the groups with HCT 33-35.9 and ≥36%, higher ESA dosing was associated with increased risk of mortality, and in the HCT ≥36% group, more intensive use of iron was also associated with an increased risk of mortality.
In the NHCT study, an analysis by average HCT showed that the mortality rate was consistently higher in the normal than the low HCT group across categorical ranges of HCT, but the rate decreased at higher HCT ranges in each treatment arm [30] . In fact, patients in the normal HCT group with average HCT levels within the target range (39.0-41.9%) had the lowest mortality rate. Thus, higher HCT level alone did not appear to confer risk. Despite the high dosing requirements in the normal HCT group, post hoc analyses did not demonstrate an association between mortality risk and higher ESA dosing. However, more patients in the normal HCT group received intravenous iron and in greater quantities, and intravenous iron treatment was associated with mortality risk. In addition, the investigators noted that dialysis adequacy during the study decreased in the normal HCT group but increased in the low HCT group.
The large dose requirements in the CHOIR study for the high Hb target prompted the investigators to conduct a secondary analysis to assess the potential relationship of ESA dose with outcomes during the trial. Their analysis found that patients in the high Hb target group who were not achieving the Hb target and were receiving a high ESA dose (≥20 000 IU; ESA resistant or hyporesponsive) experienced a greater rate of composite events than those achieving the Hb target or receiving a lower ESA dose [47] . Similar trends were reported in the lower Hb target group. In an adjusted Cox proportional hazards model of the 4-month landmark dataset, high-dose ESA (HR = 1.57; 95% CI 1.04-2.36) and previous coronary artery bypass grafting (CABG) (HR = 2.44; 95% CI 1.70-3.49) were independently associated with increased risk of the primary composite endpoint, while Hb target, not achieving Hb target, self-reported hypertension and use of IV iron were not associated with risk; for the 9-month landmark dataset, only previous CABG remained statistically significant.
The data from observational studies and the CHOIR analysis underscore the complexity of evaluating the potential relationship between ESA dose, Hb level and risk. A similar analysis is warranted for the TREAT study. Despite the relatively high median darbepoetin alfa dose (176 μg) in the intervention arm, the median Hb was only 12.5 g/dL (interquartile range 12.0-12.8) [29] . Thus, a significant proportion of patients in the intervention arm did not reach the target Hb despite high dosing. In the placebo arm, the median Hb was 10.6 g/dL (interquartile range 9.9-11.3).
While a secondary analysis of the TREAT data should provide some additional insights, there are important caveats to these analyses as confounding factors limit interpretation and conclusions. Patients who require a high ESA dose to maintain a Hb target may represent a cohort of patients with poorer prognosis than those who can achieve target Hb at a low ESA dose [49, 50] . A large chart review study in which findings were adjusted for timedependent confounding by indication suggested that, on average, epoetin dosages >30 000 IU/week do not confer additional harm or benefit in elderly haemodialysis patients [51] .
More detailed dosing algorithms for ESA therapy would be helpful to clinicians, particularly for patients who do not achieve target Hb levels in whom large doses would be ineffective and expensive and might increase risk. Data from well-designed, controlled trials are needed to more clearly define whether risk is due to ESA dose alone or to underlying conditions that require high dosing to obtain a sufficient response. The phase III Clinical Evaluation of the Dose of Erythropoietins Trial (NCT00827021) should provide some critical data. This fixed-dose study, initiated in 2009, randomized haemodialysis patients with Hb < 10 g/dL to low (4000 IU/week) or high (18 000 IU/week) ESA dosing. Patients will be followed for 48 months for the composite endpoint of all-cause mortality, non-fatal MI and stroke, hospitalizations due to acute coronary syndrome, transitory ischaemic attacks, unplanned coronary revascularization procedures and peripheral revascularization procedures.
Haemoglobin variability
Haemoglobin variability, a common phenomenon in CKD populations, has recently emerged as another potential marker of mortality and morbidity risk. Observational studies in CKD patients have demonstrated associations between variability in Hb levels and adverse outcomes [3, [52] [53] [54] [55] [56] ; however, there is also growing evidence that persistently low Hb concentrations may be a more important predictor of adverse outcome in both dialysis [16, 53, 57] and non-dialysis populations [3] .
The Chronic Disease Research Group recently conducted two large, retrospective, observational studies of US haemodialysis patients (> 150 000 patients for each study) to examine the relationship between Hb patterns and adverse outcomes for 6-month periods in 2003 and 2004 [53, 57] . The first study defined comparison groups by the monthly measured Hb concentration (low [<11 g/ dL], intermediate [11 to <12.5 g/dL], high [≥12.5 g/dL]) and Hb fluctuation (consistent, low amplitude, high amplitude) over the 6-month period and assessed the relationship of these Hb patterns with hospitalization and morbidity [53] . The second study assessed mortality in a similar manner but defined groups based on the monthly Hb concentration (low, intermediate, high) and the lowest and highest monthly Hb concentration over the 6-month period (e.g. low-low, low-high) [57] . Although both studies found associations between Hb variability and adverse outcomes, patients with consistently low Hb levels were at a notably higher risk of hospitalization, morbidity and mortality than all other groups.
In a similar study of European haemodialysis patients (n = 5037), Eckardt et al. [79] observed that in a multivariate model, consistently low Hb and low-amplitude fluctuation with low Hb were independent predictors of mortality after adjusting for a number of factors, including medical history, dialysis parameters, markers of inflammation and ESA use. The risk observed in other Hb groups (e.g. high-amplitude Hb fluctuation, consistently high Hb) in the crude model was not maintained in the adjusted model. As with the ESA dosing data, the Hb variability data are limited by confounding indication.
Individualizing therapy
As our knowledge of renal anaemia continues to evolve, clinicians will need to incorporate changes to treatment guidelines into practice while also addressing the individual needs of their patients [58] . They will need to keep abreast of the latest findings, such as those reported in the TREAT study. Based on our current knowledge of Hb targets, ESA dose and Hb variability, a basic framework can be constructed to help individualize treatment. As recommended in the latest guidelines, Hb levels generally should be maintained within a target of 11-12 g/dL. Targeting Hb levels >12 g/dL with ESA treatment should be approached with caution and, as noted earlier, is not recommended by guidelines across the spectrum of CKD [10, 12] . It will also be prudent to minimize the ESA dose, as well as Hb variability, until more definitive data assessing these markers of risk become available.
A practical management strategy is to first conduct a global assessment of the patient to determine the Hb threshold at which ESA therapy should be initiated. Haemoglobin levels consistently <11 g/dL is a general threshold for initiating therapy, but a lower Hb threshold 522 A.L.M. de Francisco may be advisable for higher-risk dialysis and non-dialysis patients such as those with diabetes or cardiovascular disease unless symptomatic anaemia is present [34] . ESA therapy should be avoided in patients with cerebrovascular risk. A patient's iron status should be evaluated and supplementation initiated prior to initiation of ESA therapy for patients with iron deficiency. The benefits and risks of ESA treatment should be discussed openly with the patient, as well as treatment goals, which are likely to differ according to the lifestyle of the patient (e.g. active vs sedentary) [58] . All currently available ESAs have the same mode of action and have been shown to effectively improve and maintain Hb concentration in patients with renal anaemia (reviewed in [59] [60] [61] ). However, the pharmacological properties of the various ESAs differ, which affects dosing frequency options and dosing efficiency (dose required to achieve Hb target). Thus, selecting the type of ESA that best matches the needs of the patient is a relevant consideration for individualized treatment. A patient who is not on dialysis may prefer the convenience of subcutaneous self-administration and a less frequent dosing schedule, while this may not be an advantage to a patient who receives routine dialysis.
ESA treatment should be initiated in iron-replete patients at a low dose and then titrated incrementally to avoid rapid increases in Hb and to achieve the Hb target at the lowest possible dose [13, 58] . If increasing the ESA dose does not lead to the expected rise in Hb, further increases should be contemplated only after careful risk evaluation of the individual patient. Hopefully, updates to the treatment guidelines will address the issue of maximum allowable ESA dose. The 2004 EBPG defined resistance to ESAs as the failure to achieve the Hb target while receiving more than~20 000 IU/week of epoetin alfa/beta or1 00 μg/week of darbepoetin alfa or the need for consistently high ESA doses to maintain target Hb [7] .
Until more data become available to better understand the benefit-to-risk profile of treating various CKD patient populations to different targets, the Hb target will need to remain narrow for all CKD patients. For patients with CKD and significant comorbidities (e.g. cardiovascular disease or diabetes), a cautious approach is warranted with a Hb target of 10-11 g/dL with levels not exceeding 12 g/ dL [13, 34] . On the other hand, a Hb target of 11-12 g/dL is practical for CKD patients without significant comorbidities with the realization that Hb levels may rise above this limit on occasion because of Hb variability [12] . Levels should not exceed 13 g/dL. During maintenance treatment, adequate iron supplementation is an important element of ESA therapy. Variation in Hb levels is expected, but large fluctuations and persistently low or high Hb levels outside the target should be avoided. If a definite trend of increasing or decreasing Hb levels has been determined, ESA dose changes should be implemented after other factors that may impact Hb levels (e.g. infection) have been addressed. Dose changes should be incremental to reduce the risk of Hb levels cycling across and outside the target [62] .
In view of these parameters, several treatment-and patient-related factors should be considered for the individual patient to minimize the ESA dose and to help maintain stable Hb levels within target [63] [64] [65] [66] [67] . Switching the ESA type, route of administration or the dosing frequency may help to improve ESA dose efficiency and Hb stability in some patients [6, 65, 68] . Table 2 summarizes some of the patient-related factors and intercurrent events that are associated with Hb variability and resistance to ESAs. Several such factors, including iron status, inflammation and infection [40, 41, 43, 69, 70] , are modifiable, and strategies can be implemented to mitigate their impact [63] [64] [65] [66] [67] . Infection and inflammation frequently occur in CKD patients and should be treated promptly. Acute infections should be treated with antibiotics, and the presence of occult infections should be evaluated in patients who become hyporesponsive to ESA therapy [63] . For dialysis patients, high-quality dialysis water and biocompatible membranes, daily dialysis and on-line haemofiltration may reduce inflammation episodes [71] [72] [73] [74] . Protein-energy malnutrition may exacerbate inflammation [70, 75] ; thus, it is important to follow nutritional markers to facilitate early interventions. Prior to inpatient procedures, an incremental increase in ESA dose may be warranted and should also be considered immediately after a hospitalization to maintain stable Hb levels [65] . Initiation of certain medications, such as angiotensinconverting enzyme inhibitors [76] , may affect erythro- poiesis. In such cases, alternative medications can be considered, the medication dose can be reduced or the ESA dose can be increased if appropriate [77] .
Conclusions
It is becoming more apparent that a general approach to managing renal anaemia-a protocolized, 'one size fits all' approach-does not maximize the benefit of ESA treatment. Managing anaemia in CKD patients is complex. It is affected by the underlying disease, comorbid conditions, the environment and several other factors that differ among patients. Thus, anaemia management in these patients needs an individualized approach. Selection of the Hb target based on the patient's disease state, comorbidities and other characteristics has been an essential part of a treatment strategy [7] . However, the risks associated with high Hb targets in recent studies [27, 28] prompted updates to the guidelines to recommend a narrower Hb target: 11-12 g/dL and not exceeding 13 g/dL for most patients and 10-12 g/dL for patients with T2DM avoiding levels above 12 g/dL, particularly for those at risk of stroke [10, 12, 13] . Ultimately, properly designed and powered prospective studies will be needed to better understand the complex relationship between Hb concentration, ESA dose and underlying disease status. Until then, a reasonable strategy is to first discuss the benefits and risks of ESAs with patients and involve them in the decision-making process [36, 58] . For those electing ESA treatment, each patient should be treated to the Hb target with the lowest effective ESA dose while avoiding large fluctuations in Hb levels or prolonged excursions outside the target [78] . This strategy may necessitate changes to the ESA dose, dosing frequency and iron supplementation over the course of a patient's treatment and proactive management of conditions that can affect ESA responsiveness. While all ESAs effectively increase Hb levels, differences with respect to route of administration, pharmacokinetics and dosing frequency and efficiency should be considered to maximize the benefits of ESA treatment for the individual patient.
